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SUMMARY

An important question to address in developing a general model of learning
ability is whether retention can be predicted from speed of initial learning.
Some research has suggested that while individuals differ greatly as to how
fast they learn in the first place (by approximately 6:1), once material is
learned, it is forgotten at the same rate by both fast and slow learners. If
this is the case, there should be no relationship between how quickly one
learns and how much one remembers later, if adjustments are made for how well
the material is learned originally.

We put these ideas to a test by administering a learning task requiring
that subjects first learn a set of 13 name-number pairs (e.g., Jones-l3,
Barnes-48), then learn a mixed-up set (e.g., Jones-48, Barnes-13), and then to
try to recall the original set. Our main finding was that speed of learning
predicted amount retained. That is, faster learners forgot less. By a simple
statistical procedure, we were able to show that this finding was not due to
the fact that the slower learners had to wait longer before they were asked to
recall the original list.

Our main conclusion is that the reason previous research has found no
differences in forgetting rate is that equating learners in terms of how well
they know something in the first place is a rather tricky issue. We equated
learners by controlling for the number of successive mastery experiences they
had. Others, who find different results, have equated learners on the basis
of how much they remember on an immediate retention test.
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Individuals differ widely in how fast they learn and in how much they retain, and
a major challenge to psychology has been to understand and predict such dif-
ferences. Numerous studies have investigated the relationship between cognitive
variables and learning outcomes, but we still lack an adequate working under-
standing of the relative importance of general cognitive skills, learning ability,
and task variables in determining how much a particular individual will re-
member from an instructional session. A goal of our work is to develop a general
model of learning ability, which should lead to a system for measuring learning
skills and predicting learning outcomes in various instructional contexts.

One approach to developing a model of learning ability, and the approach that
we adopt in this study, is to address the question of the dimensionality of
learning. Content dimensions to learning ability have been demonstrated. For
example, quantitative, verbal, and spatial learning can be shown to be somewhat
distinct (Snow, Kyllonen, & Marshalek. 1984). However, in this paper we focus
attention on certain process dimensions of learning. We are concerned with three
fundamental questions. First, can retention of a set of items be predicted from
speed of initial learning of those items'? Second, is the ability to retain a set of
items a narrow, item-specific skill, dependent on idiosyncratic relations that a
subject can develop for those particular items, or is it related to more general
associative learning skill, as indicated by performance on other items, measured
in different ways'? Third. are learning speed and retention abilities predictable
from other cognitive factors'?

RETENTION AND LEARNING SPEED

Perhaps surprisingly, there is considerable evidence that if learners' memories
for items are equated for strength of association, then the rate at which those
items are forgotten is constant. Although it seems counterintuitive that fast and
slow learners forget at the same rate, this appears to be a fairly reliable finding
(¢F-,&t. 1972). The .c, insight ;- that fast l,-arners appear to remember better
because they learned better in the first place. If fast and slow learners can
somehow be equated for degree of original learning, then they will forget at the
same rate (Underwood, 1954). This demonstration obviously depends on the
way in which degree of original learning, or associative strength. is defined, and
on how two items are thus said to be of equal strength.

Under the most popular definition of degree of learnine. two itcnv; arp m! -n
be of equivalent associative strength if the probability of getting the items correct
on the next trial is the same. Underwood (1954) used this operational definition
as a way of statistically equating fast and slow learners tor degree of learning,
using a method known as successive probabilit*% analYsis. For each group (divid-
ed at the median) he computed the conditional probabilities of correctly respond-
ing to a paired-associate item as a function of the number of times the item had
previously been correctly responded to, collapsing over items and subjects within
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group. He showed, for example, that it took slow-learning subjects 19 success
trials to reach a next-trial probability criterion (of about .90, it appears from
Underwood's Figure 1) that the fast learner reached in only 9 trials. Thus fast
learners apparently benefitted more from each successful trial than did slow
learners. But once these next-trial probabilities (i.e.. associative strengths) were
equated, the probability of recalling an item after a 24-hr interval did not vary
over groups.

Other investigators (Gentile, Monaco. Iheozor-Egiofor, Ndu, & Ogbonaya,
1982; Shuell & Keppel, 1970) have varied presentation rate in a study-test
paradigm to achieve the same kind of equating of degree of learning. For exam-
ple, Shuell and Keppel showed that slow subjects required 5 s per word exposure
to achieve the same free recall score (about 34%) that the fast subjects achieved
with only I s per word exposure. But once again, the two groups. having been
brought to this criterion, recalled the same after a 24-hr interval.

Because fast and slow learners did not differ in how well they retained
information, these studies appear to indicate that acquisition and retention abili-
ties are independent factors. Thus a model of learning ability capable of predict-
ing learning outcomes would have to include both factors. But there may be
conceptual and pragmatic problems with this conclusion.

A pragmatic problem is that strength of association, as defined in the suc-
cessive (next-trial) probability method, might not be a functionally useful con-
struct because of its private nature. In applied contexts, the instructor does not
have access to the individual's next-trial probabilities. At best, the instructor
only knows the experiential history of the learner. Strength. in the Underwood
and Shuell-Keppel studies, is operationally defined in terms of a future event
(viz., probability of passing the item on the next trial).

The tact that the latent construct-strength--is operationalized in terms of a
future event points to a fundamental conceptual problem with the constant forget-
ting conclusion. Presumably, item strength decays as soon as that item is re-
moved. Thus, the expected next trial probability of passing the item, which is
taken as an uncontaminated measure of strength, is determined not just by the
strength of the item immediately after study, but also by an individual's forget-
ting rate. Equating next-trial passing probabilities is only a completely justifiable
method for strength-equating if the conclusion-constant forgetting-is as-
sumed. Indeed, this possibility was pointed out by Underwood (1954) when he
wrote that

the results of the above analyses lead to a strong temptation to assert that the critical
difference between fast and slow Ss is that the associative strength resulting from a
reinforcement is less for slow than for fast learners. . . . Nevertheless, it is possible
that a reinforcement for a fast and a slow S adds the same associative strength, but
that in the context of learning a group of items (as contrasted with the relative rest

over 24 hr.) more forgetting might take place for an item for slow Ss than for fa-t S
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over these short Imaximum 1.5 mini intervals between trials. Thus it must not
inevitably follow that reinforcements add different associative strengths at the time
they occur for fast and slow Ss; we believe they do add or produce different
amounts of associative strength but our data are not conclusive on this matter. We
can conclusively say only that when probabilities of response for successive trials
during learning are equated for fast and slow Ss no differences in forgetting oc-
curred. (p. 281)

The problem is that next-trial probabilities are only indicators of strength. that
is, operational realizations of the underlying latent construct. And although
Underwood treated as unlikely the possibility of differential forgetting within the
first minute or so. it could be that a sizeable proportion of the total forgetting
occurring over 24 hr occurs in the first 2 min. Proposals of exponential or power-
law forgetting (e.g., Wickelgren, 1974) indeed are claims that most forgetting
occurs soon after an item is removed. If most forgetting occurs relatively soon, it
is not unfeasible to speculate that individual differences in forgetting are revealed
primarily in the first few minutes after the item is removed.

Because of these problems with next-trial probabilities as indicators of
strength, it is useful to consider other indicators of strength. One is cumulative
successes. An instructor can count the number of successful experiences the
student has had with a particular fact, and use that information to make predic-
tions about whether the student will remember the fact at some later time. This
conception of strength has been employed in some current memory theories
(e.g.. Anderson. 1983). However. as Postman (1971, p. 1124) has pointed out, a
problem with this measure is that criterion attainment may reflect a "chance
peak" in performance. That is, varying strength levels can result in a correct
response. If fast-learning subjects accrue more strength per exposure, a suc-
cessful response will on the average indicate greater strength for them than for
slow learners. Further, it is already well established that fast learners retain more
when learners are equated by cumulative successes (Underwood, 1954).

This disadvantage of the cumulative-success criterion may at least partly be
overcome through the use of successive success experiences as a criterion, which
we employed in the present study. Under this method, an item responded to
correctly on n successive trials is remoed from the list, and a subject continues
study until all items are thus removed. The rationale is that requiring successive
as opposed to cumulative successes is likely to assure less variance over indi-
viduals in strength of association at the end of acquisition. At the very least,
when compared to the situation of using the cumulative success method, slow
learners have an advantage in that they are likely to require more cumulative
successes than fast learners before attaining the successive success criterion.
Further. the answer to the question of the relationship between acquisition speed
and retention using this criterion is a genuine contribution to the literature: As far
as we know, no study of individual differences in retention has yet employed this
method.
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In any event, an advantage to any success experience operationalization,
successive or not, over a successive prooability operationalization, is that ques-

tions concerning the indicator itself, because it is observable, have applied sig-
nificance. By centering an investigation around successive mastery experiences

4as a strength measure, we will be able simultaneously to address the practical
question of whether those who are observed to master material quickly remember
that material better

INDIVIDUAL DIFFERENCES IN RETENTION

Even if learning speed is found to be unrelated to retention, it is a separate
question as to whether there are any reliable individual differences in retention.
Some past investigations (e.g.. Shuell & Keppel, 1970, p. 64) have inap-
propriately concluded that there are no individual differences in retention on the
basis of their failure to find a relationship between learning speed and retention.

The existence of individual differences on a measure is normally determined
by the reliability of a measure. But classical reliability theory assumes indepen-
dence of trials and is thus inappropriate for determining individual differences in
learning speed or retention tasks where trial independence is almost certainly
violated. An alternative possibility for determining individual differences in
retention is to consider whether any cognitive factor is related to retention. In this
study, in addition to considering the relationship between learning speed on a set
of items and retention of those items, we also consider whether retention is
related to learning speed measured on an independent set of items (across a
variety of associative learning formats), general reasoning proficiency. general
knowledge, and memory span. The inclusion of these additional cognitive mea-
sures allows us to test a variety of process models relating cognitive factors to
both retention and learning speed.

To summarize, despite the existence of an extensive literature on both the
relationship between acquisition and retcntion, and individual differences in
learning, we still lack answers to fundamental questions of how learning out-
comes are related to subject and task characteristics, and we thus are hindered in
the development of a practical system for predicting learning outcomes in in-
struction. The purpose of the present study was to examine the relationship
between item-specific learning skill, general learning skill, and other cognitive
factors in predicting retention on a paired-associates learning task. Subjects were
taught name-number associations to various criteria (from one to three suc-
cessive successes), using an item drop-out procedure, then were tested on the
original associations. Between acquisition and the time of the retention test,
subjects were administered an interfering learning task, in an A-B, A-Br de-
sign. We varied criteria on the A-Br task from zero to three successive suc-
cesses. The purpose of the interference task was to permit an examination of the
generality of any acquisition-retention relationship found. The first question we
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addressed in the analysis was, does learning speed, as indicated by performance
on a set of items, predict retention of those items'? A second question addressed
was, does learning speed, as indicated by performance on a set of unrelated
items, administered in a variety of formats, predict retention of the first set of
items? A final question addressed had to do with whether retention can be
predicted by other cognitive factors, such as general knowledge, reasoning profi-
ciency, and memory span.

METHOD

Subjects
Subjects were 710 military recruits on their 6th day of basic training at Lackland
Air Force Base, Texas. The sample was 78% male, 78% Caucasian (15% Black.
3% Hispanic), 99.2% high school graduates, and 28% with at least some college.
The mean Armed Forces Qualification Test percentile score for the sample was
64.4 with standard deviation of 17.0. The AFQT has been calibrated on a national
probability sample of 16- to 23-year-old American youths (OASD/MRA&L.
1982).

Testing Stations
The testing facility consisted of 30 testing stations in a large room. Each station
was a TERAK 85 10a microcomputer system with disk drives for test item and
response data storage, a standard keyboard for response entry, and a medium
resolution (320 X 240) black and white video monitor for timed presentation.
Millisecond timing for stimulus presentation and response latency recording was
achieved with an algorithm developed by Armstrong (1984). All test materials.
including items, response scoring and recording procedures, and feedback pre-
sentation procedure, were written in PLATS. a high-level cognitive task author-
ing system (Walker, 1985). Data compilation at the end of a session was accom-
plished by a network system tying the 30 TERAKs to a PDP 11/34 minicomputer
for transfer from the floppy disks to standard magnetic reel-to-reel tape.

Experimental Tasks
Subjects were administered a paired-associates learning test and a battery of
computerized reference tests, which consisted of three short-term memory tests
(Memory for Digit Order, Digit Span, Missing Digits), three verbal learning
tests (Paired-associates, Memory for Classes, Free Recall), and three reasoning
tests (Three-term Series, Letter Series, Number Sets). A description of these
tests follows. From previous military entrance testing, we also had available
subjects' Armed Services Vocational Aptitude Battery (ASVAB) subtest scores.
In the analysis, we employed three of those scores, from the Word Knowledge,
Paragraph Comprehension, and General Science subtests, as indicators of gener-
al knowledge.
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Experimental Criterion Task: Paired Associates

Task Description. The task consisted of three sets of trials, A-B, A-Br, and
A-B (retest) of 13 name-number pairs (e.g., Jones-13), administered in a
modified anticipation method. Pairs were formed by randomly matching com-
mon surnames to two-digit numbers for the A-B pairs, then randomly rearrang-
ing the pairings of the same names and numbers for the A-Br pairs (e.g., Jones-
97). In an initial study phase, pairs were presented successively for 4 s each. In
an immediately following test phase, names were presented (e.g., Jones-?), and
the subject responded by typing in the associated number. Regardless of whether
the subject answered correctly, the computer displayed the correct associations
for I s (e.g., "The correct answer is Jones- 13"'). Pairs were randomly reordered
after each cycle through the list. Pairs were dropped from the list if the subject
correctly responded, or if the subject correctly responded on two or three suc-
cessive cycles through the list, depending on the experimental condition. Sub-
jects were tested until all 13 of the list pairs were dropped. This procedure was
followed first for the A-B set, then for the A-Br set. After subjects completed
the A-Br set. they were retested on the original A-B pairs to a criterion of two
successive correct recitations.

Design. The two major between-subjects factors were degree-of-learning on
the A-B and A-Br lists, manipulated independently. On the A-B list, the
criterion for eliminating items was I. 2, or 3 successive correct recitations. On
the A-Br list, a 0 condition was added to these three. Those in the 0 condition on
the A-Br list took a break for either 6, 12, or 18 minutes. Thus there were a total
of 18 cells. For each of the three blocks, A-B (initial), A-Br, and A-B (retest),
two scores were computed: percent correct (PC) and trials-to-criterion (TT7C).
Percent correct was computed over the first 13 items immediately following
study, to produce a score comparable over cells. Because of the way in which
items were cycled (all 13 items were tested before any pair was tested a second
time), this reflects the amount learned during the first study phase, for both the
A-B and A-Br block (there was no additional stL:dy phase before the A-B retest
block). Trials-to-criterion cannot be easily interpreted over cells because differ-
ent cells had different criteria. In an initial inspection of the data we saw no effect
for break duration (for those who did not learn the A-Br list) on the A-B retest,
for either percent correct, F (2.220) < I, or trials to criterion, F (2,220) = 1.7, p
> .10. Thus the three levels of this factor were collapsed over for the analyses.

Verbal Learning Tasks

Memory for Classes (MC). This task consisted of 9 trials of 5-word sets
presented in the study-test method, and requiring recognition judgments. Word
sets were formed with words sharing a common semantic property (e.g., names

of alcoholic beverages: gin, beer, whiskey, wine, rum). Subjects studied the
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word set for 10 s. In the test phase, which followed the presentation of all sets,
subjects were asked to determine whether singly presented words (a) had actu-
ally been presented (verbatim recognition), (b) were class members that did not
actually appear (implied class member recognition), or (c) were not a member of
any class presented (correct discrimination). The task was modeled after refer-
ence tests for Brown, Guilford, and Hoepfner's (1968) Memory-for-Semantic
Classes factor. Subjects received 3% correct scores, corresponding to their ac-
curacy with respect to each of the three kinds of judgments required.

Paired-Associates (PA). This paired-associates learning task consisted of two
14-pair lists (28 items) of consonant-vowel-consonant (CVC) trigrams paired
with simple English words administered in a study-test method. During study,
pairs were successively presented for 3.5 s each. During the immediately follow-
ing test, subjects were shown a stimulus term and five alternatives from which
they were to select the synonym of the correct associate. Synonyms were used to
increas, the likelihood that retrieval rather than simply recognition processes
were tapped by the test. Distractors were synonyms of other some-list associates.
Within each list, half the pairs were designed to be highly mnemonic (e.g.,
DUP-COPY), and subjects were encouraged to use a semantic elaboration strat-
egy to memorize these pairs. Subject's score was percent correct.

Free Recall (FR). The task consisted of a 70-item categorized word list, with
3 high-, I medium-, and 3 low-frequency instances per each of 10 categories
selected from the Battig-Montague (1969) norms. Word order varied across
subjects. Words were successively presented for 2 s each. Following the last
word. subjects were given 5 min to write all the words they could recall on
response sheets with numbered blanks. Subject's score was the number of words
correctly recalled.

Memory Span Tests

Memory for Digit Order (MO). Subjects were presented a string of 7 digits
simultaneously for 3 s. After a I-s pause, a probe string was displayed and
subjects were to indicate whether the probe matched the study string. Mis-
matches (half the probes) were created by randomly transposing adjacent digits.
There were 80 trials total.

Digit Span (DS). Subjects were presented 5, 7, or 9 digits successively for I s
each with no inter-stimulus-Interval (ISI). Digits were displayed left-to-right, 2
characters apart on the display screen. Immediately after presentation, probe
digits were presented from either the beginning or end of the list. The subject's
task was to indicate (by pressing either the L or D key) whether the probe
matcned the presented digit. After the subject responded, a probe for the next to
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last digit was presented and subjects responded in the same fashion. On half the
items, probes were from the end of the list, and on the other half, from the
beginning of the list. From 2 to 5 probes were presented for each list. Subjects
were given item credit only if they correctly discriminated all probes on the item.
Items were blocked by digit string length and were presented in order (5-digit
items first, followed by 7- then 9-digit items); there were 10 items per block and
3 blocks, for a total of 30 items.

Missing Digits (MD). Subjects were presented 9 digits successively for 0.5 s
each with a 0.5 s ISI. Digits were displayed at the same spatial location on the
screen. After a 2-s pause, 8 digits and a blank representing the 9th digit were
displayed in a fornat spatially consistent with temporal presentation order. Sub-
ject's task was to key-in the missing digit. Two blocks of 27 items, for a total of
54 items were presented.

Reasoning Tests

Number Sets (NS). On each trial, subjects were presented 4 sets of 3 digits in
which the task was to select the set whose elements did not obey the rule
characterizing the relationship among elements in the other 3 sets. Typical rela-
tionships were identity and succession. Subjects selected the odd set by keying-in
the number corresponding to the spatial position of the set (I, 2, 3, or 4). There
were 20 trials.

Letter Series (LS). Subjects were presented letter sequences which required
extrapolating a pattern to predict the final letter in the series. An example item is
R S R T R U R V R . The sequence was displayed until the subject hit the
space bar on the keyboard, which blanked the screen. The subject then keyed-in
the predicted letter. There were 20 letter sequences.

Three-term Series (3T). Subjects were presented linear syllogism problems
with a multiple-choice response, such as: Dick is better than Pete, John is worse
than Pete, Who's best? (1) Dick, (2) John, or (3) Pete. The task was to key-in
the number of the correct alternative. Two kinds of relations (goodness, tallness)
were used with the same three terms, and problems varied on voice, negation,
adjective markedness. and congruence as in other studies (e.g., Huttenlocher,
1968). There were 64 problems.

Procedure
A procor briefed subjects on the purposes of the testing, then assigned them
testing stations. A computer program provided subjects practice in using the
keyboard. Subjects were first administered the paired-associates task according
to cell assignment. Subjects were then administered the 9-task reference battery
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in either the following order or its reverse: Memory for Digit Order, Paired-
associates, Number Sets, Digit Span, Memory for Classes, Letter Series, Miss-
ing Digits, Free Recall, Three-term Series. Two 5-min breaks were inserted at
various points during the session (in addition to the break for those in the A-Br
= 0 condition). Sessions lasted from 2-3 hr. After the session, subjects left their
testing stations and were accompanied to another room where they waited for all
subjects to finish.

RESULTS

Of the 710 subjects administered the lists, 25 failed to complete all three lists in
the required time, and were thus dropped from the analysis (subjects eliminated
this way appeared from informal inspection to be evenly distributed over the
design cells). Table I presents descriptive statistics of the list learning variables
by design cell for the remaining N = 685 subjects.

TABLE I

Descriptive Statistics for Criterion Task by Cell

Criterion List I List 2 List 3

List (A-B 1 ) (A-Br) (A-B 2)

A-B, A-Br N PC TTC PC TTC PC TTC

I 241 23.7 70.4 29.2 * 21.5 129.0
0 81 22.1 77.8 329 179
1 54 24.2 68.4 309 47.2 23.2 137,7

2 53 23.4 68.0 28.3 142.2 15.4 131.0

3 53 25.0 67.5 28.4 169.2 14.3 129.5

2 236 26.9 136.0 32.1 * 382 79.7

0 81 25.3 143.2 58.4 63.0
I 54 28.2 128.9 35.2 47.1 38.5 73.7

2 47 28.8 128.2 32.5 108.4 31.4 88.8
3 54 25.2 143.7 28.5 153.2 24.5 93.3

3 " . 232 26.3 172.1 34.1 *** 47.6 68.0

0 70 22.3 179.8 678 47.6

I 54 23.9 165.6 30.2 57.5 44.7 68.6

2 54 26.6 193.9 32.8 115.4 37.4 84.7
3 54 32.5 148.9 39.3 141.2 40.6 71.2

... ... 709 25.6 * 31.8 *** 356 92.6

0 232 23.2 * 53.1 76.2

I 162 25.6 ** 32.1 50.6 35.5 93.3
2 154 26.3 ** 31.2 122.0 28.1 101.5
3 161 27.6 ** 32.1 154.5 26.5 98.0

Note. PC = Percent correct; TTC = Trials-to-criterion. Triple dots indicate harmonic means over
cells in the collapsed-over condition; asterisked entries appear for cases in which collapsing is over
trials-to-criterion where criteria vary; nonexistent cells are left blank.
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Analysis 1: Learning Speed, Item Strength, and Retention
The central question addressed in the first analysis can be expressed as follows:
Do those who learn a set of items quickest remember those items best'? Accord-
ing to the constant forgetting model, there should be no difference between fast
and slow learners in retention, once the two groups are equated for strength of
association. An alternative is that learning speed itself is at least partly deter-
mined by resistance to forgetting, and thus fast learners forget more slowly, and
hence should show better retention.

To address this question, we constructed two measures of remembering on
List 3. number correct (NC , ) on the first pass (0-13), which measures retention.
and trials-to-criterion (TTC3), which measures relearning. We also constructed
two indicators of learning speed: number correct (NC,) and trials-to-criterion
(TTC,) on List I. Number correct was computed over the first pass through List
I (i.e., on the first 13 A-B pairs) immediately following study, and thus is
comparable over design cells. Trials-to-criterion is not comparable over design
cells. For those in the Criterion I condition the minimum TTC, score is 13; for
those in the Criterion 3 condition the minimum score is 3 x 13 = 39. To produce
a TTC score comparable over cells, we divided subjects evenly into 15 catego-
ries ordered by TTC, within each of the three List-I criterion conditions. Thus
the 6.5% fastest subjects in the Criterion-I group were assigned a TTC, score of
J, as were the 6.5% fastest subjects in the Criterion-2 group, and the 6.5% fastest
subjects in the Criterion-3 group. The 6.5% slowest subjects in the Criterion-I
group were assigned a TTC, score of 15, as were the 6.5% slowest subjects in
the Criterion-2 group, and so forth. TTC1 scores were then normalized with zero
mean and unit variance.

An inspection of the distributions of the learning variables showed that NC,
and NC 3 were close to being normally distributed (skewness = 0.94, 0.57,
kurtosis = 0.80, -0.33, respectively, where the standard error for these two
statistics with N = 685 is approximately 0.20 [skewness] and 0.10 [kurtosis]).
However, "TTC3 was highly positively skewed (skewness 2.32; kurtosis =
8.21). Log T'TC 3 was more normally distributed (skewness 0.37; kurtosis =
-0.27), and thus was substituted for TTC., (subsequent references to TTC3 refer
to log TTC3 ).

The full model for retention (as represented by TTC3) is

TTC 3 = constant + b(TrCI) + b2(NCi) + b3(Al) + B4(A2) + b.i(BI) +
b6(B2) + b7(B3) + b8(AIBI) + bg(AIB2) + bl0(AIB3) +
b,,(A2BI) + b,2(A2B2) + b13(A2B3) + e, (1)

'Normalization was accomplished with Jbreskog and S6rbom's (1986) Prelis program.
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where the bs are the regression weights for each of the variables, AI and A2 are
dummy variables that code List-I criterion (i.e., strength), B I -B3 code strength
of the interfering (A-Br) association, and A IB I-A2B3 code the List I by List 2
interaction. A restriction on this model is to let b, = b2 = 0 (Model 2). Comparing
these two models (SSe,.orl = 16.484,1SSe,o,2 = 14.444,SSt, = 44.614)2 gives
F (2,67 1) = 294.0, which suggests that learning speed affected retention even after
controlling for strength. An identical analysis for NC3 (SSerror I = 2356.5,ISSI2
= 1618. l,SSo t = 7081.7) yielded F(2.671) = 230.4. (Note that these analyses
were not empirically independent in that r INC 3. TTC3] = -. 80.)

We also noted in conducting this analysis that setting the restriction b, = 0 on
Model I did not affect model fit for TTC3, t(l,671) = -0.3, although it did
slightly for NC 3, t(1.671) = 3.05. That is, number correct on List I added
slightly to the prediction of retention (NC 3), but not at all to relearning. 3 Insofar
as TC scores are determined by a greater sample of behavior, TIC is probably
the more reliable score. 4 T'FC can also be justified a priori as the more sensitive
indicator of learning speed. Thus to simplify all further analyses, as well as their
interpretation, we dropped NC, as a learning speed measure, and used only
TTC, (i.e., we defined a Model 2 as Model I with the restriction that b2 = 0).
Nevertheless, it is worth noting that although the two learning speed measures
(TIC,, NCI) are highly correlated (r = -. 71), the fact that number correct
uniquely contributes to the prediction of retention indicates that it measures a
slightly different aspect of learning speed than is reflected in trials to criterion, a
difference not accounted for in terms of the differential reliability of the two
measures.

Accepting that there is an effect of learning speed on retention, a question is
whether the effect is constant over variations in item strength. A weak version of
the constant forgetting model might predict that at low strength (e.g., Criterion I
condition) fast learners could forget less because the criterion manipulation itself
is not a sufficient guarantee of equivalent associative strength (i.e., true strength
is highly variable at low criteria). The prediction then would be that only at high
strength (e.g., Criterion 3) there should be no relationship between learning

2We report ISSr, which is the increment in SSe, over the full model when the restrictions are
imposed. Thus SS., for the restricted model is SS,_,, for the full model plus ISS. Full model
R2 is of course (SS,,, -- SSO /SStot increment in R2 is ISS.oSSto .3We note in passing that an optimal weighting of TIC, and NCI in predicting retention was
approximately 4 (TIC,) to I (NC,).4Actually estimating the reliability of trials to criterion is conceptually difficult. Classical reliabil-
ity theory assumes statistical independence of trials, which certairly does not hold in learning data.
Bush and Lovejoy (1965, reported in Cronbach & Snow, 1977) claimed that TTC was an unreliable
variable, highly sensitive to chance, but this conclusion derived from the particular procedure they
used to generate learning data (viz., they assumed a strong theoretical model). We made no attempt
to compute a reliability estimate for TIC.
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speed and retention. More generally, there should be an interaction between
strength and the learning speed-retention relationship.

This hypothesis can be evaluated by redefining the full model (Model 2) to
include additional terms coding the 11I interactions between learning speedS(-17C,) and all k - I cell variables (Al-A2B33). Call this Model 3, which is

4 defined for TTC 3 as

TTrC3 = constant + b,(TTC,) + b,(AI) + b3(A2) + b4(BI) + b_,(B2) +

b6(B3) + b,(AIBIl + b,5 AIB2) + bg(AIB3) + bl1 )(A2BI) +

b, 1(A2B2) + bl2dA2B3) + b13(TCC,*AI) + b,4 (T-rC1 *A2) +

b,,CFTC,*Bl) + b,,(TrC,*B2) + b,,(TTC,*B3) +

b,,(TC,*AIBI) + . .. + b23(TTC 1 *A2B3) + e, (2)

Comparing the fit of Model 3 to Model 2 is then a test of the hypothesis of a
constant retention-on-learning speed regression slope over design cells. A com-

parion or'l'C(SSI.,3 =lS5998JSSr,rlI = .489) yielded F( 11,66 1) =1. 84.

p = .045, and for NC 3 (SS,,ro,3 =2241.4, ISS ,, = 147.8). F(l 1,661) = 3.96.
The fact that these two effects are small (R2 change = .011 1 TTCj, .02' INC3I)
suggests that it is reasonable to assume constant retention on learning speed
slopes. Still, it could be informative to track down what effects may exist.

First, because the three-way interactions are difficult to interpret anyway. we
compared Model 3 with a Model 4 that sets the regression weights for all the
three-way interactions to zero (b,, = b,, = . = b2 0). Comparison of
these two models showed no loss due to this assumption, for either TTC,

,I~~4 = 0. 249), F(6,66 1) = 1. 72,p = 11. or NC 3 (ISSe~~,r4 37)
F (6,661) = 1. 17, p = .32. Thus we redefined the full model to be Model 4 (with
df = 667, and SSerrr4 = 16.247 [TTCJ1 ,2265.1 INC 3I). A Model 5 then can be
formulated, that assumes that the retention on learning speed slope is constant
over changes in item strength (b, 3 = 4= 0). This assumption appears safe for
rrC31 ISSeor5 = 0.0005, F (2,667) < 1, but probably not for NC 3 , ISSerr(,,5 =

30.14, F (2,667) = 4.44, p = .0 12. A Model 6 can be formulated that assumes
that retention on learning speed is constant over changes in strength of the
interfering item (b,, = b6= b17 = 0). A test of this model versus Model 4
indicated changing regression slopes according to degree of interference,
whether retention was measured as TTC3 (ISSemrro = 0. 227, F(3,667) = 3. 10.
p = .026, or NC 3, ISSe,0r6 = 99.77, F(3 ,667) =9.79.

To get a sense for what this means, consider Figure I which plots expected
(a) NC3, and (b) TI'C3, as a function of learning speed, trace strength (List I
criterion), and interference (or competing trace strength, i.e., List 2 criterion).

* The curves for fast, medium, and slow learners were obtained by setting learning
speed (TTC,) to + 1, 0, and -1I, respectively, using Model 4 as the plot-

Ap
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FIG. I (a) Retention (NC, and (b) relearning (TTC,( as a function of learning speed, separately for
initial (A-B) strength levels I (leftmost) to 3 (rightmost); different lines within a graph represent
different strength levels for the interfering (A-Br) list.

generating equation (recall that T"fC 1 is normalized and thus these values repre-
sent learners I SD above, at, and I SD below the learning speed mean). Note that

the ordinate values for TTC, in Figure lb are log,, TrC3 .
In all conditions it can be seen that learning speed affected both retention and

trials to relearning; in no condition was the retention on learning speed slope flat.
Further, learning speed was particularly important when trace strength was max-
imized (S, = 3) and there was no interference (S2 = 0). These results are
inconsistent with the weak version of the constant forgetting model.

Also note in Figure la the source of the learning speed by interference level
interaction: The retention on learning-speed slope is slightly less steep with
moderate amounts of interference (i.e., in the criterion = 2 condition for List 2)
across all strength levels. This interaction may at least partly be understood as
follows. Assume that an intermediate degree of strength of an interfering trace
produces maximal interference (i.e., one's knowledge of Columbus-1492, pre-
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sumably a very strong trace, does not interfere with new name-number associa-
tions). Call this value of strength m. For fast learners, strength = m for interfer-
ing traces that had been taken to Criterion 2. For slow learners, strength only
approaches m for traces that had been taken to Criterion 3. Assuming that the
criterion manipulation equates for strength initially, the differences in criterion
needed to reach strength = m at retention time then simply reflect differences
between fast and slow learners in forgetting rate.

The evidence thus far suggests that fast learners forgot less regardless of
degree of learning or degree of interference. However, there is a potential con-
found: Slower learners may have been subject to more retroactive interference
independent of that associated with the A-Br list. Specifically, more A-B, items
may have intervened on average between drop-out (final study) and test for a
particular item for slow subjects. And in fact, although there is no necessary
relationship between the learning speed score (TTC,) and the average number of
trials between drop-out and test, we did find a high correlation between these two
variabics in our data (r = .78).5 This is retroactive interference due to the item
drop-out procedure we employed.

To test the importance of any retroactive interference (RI) effects that resulted
from our drop-out procedure, we constructed two RI scores, one for A-B, and
one for A-Br, to allow for differential interference effects for the two lists. RI
(A-B,) was the average number of items intervening between drop-out for each
of the 13 items and the trial at which the final item dropped out. RI (A-Br) was
simply trials to criterion for A-Br. Because both these variables were highly
positively skewed we took their respective logarithms for the analysis (with
skewness = 0.20. 0.02: kurtosis = 0.20, - 1.47 for List I and List 2 RI,
respectively).

The question we addressed was as follows: Does learning speed predict
retention after taking out all effects due to retroactive interference'? We defined a
new full model (call this Model 7) as Model I (i.e., constant retention on learning
speed slopes over conditions), with the two additional RI variables (for "I C3.
SS,,,. 1 = 14.98. SS,,, = 44.614, for NC 3. SS,,.,rl = 2311.40, SSo, = 7081.71).
For TTC3., comparing this model with one that did not include the RI effects
(/SSerrr = 1 .51). gave F(2,670) = 33.66, showing that there was a retroactive
interference effect on retention due to the drop-out procedure. The same result
obtained with NC 3 as the dependent measures (ISS.o.r = 77.79), F (2,670) =
1I .27. But more importantly, we found that even after accounting for all retroac-
tive interference effects, learning speed (TTC,) still predicted retention whether
measured as TTC, (ISS.,,. = 77.79), F (2,670) = 11.27, or NC3 (ISS ..... =

'This is actually the correlation between l'FC 1 and the logarithm of the average number of
intervening trials between dropout and finishing the first list. The correlation is attenuated consider-
ably (to r =  18) when considering A-Br trials due to the fact that the latter value is largely due to
cell assignment.
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108.49), F (1,670) = 31.45. Thas our finding of a relationship between learning
speed and retention cannot be attributable to differential amounts of retroactive
interference for fast and slow learners.

Analysis 2: Item-specific or General Associative Learning Effects?

Our first set of analyses demonstrated that those who reached criterion on a set of
items quickest remembered those items best. We would like to assume that speed
of criterion attainment reflected learning speed. But it is possible that our criteri-
on attainment measure did not merely reflect the integrity of the associative
learning mechanism per se: It may also have reflected pre-experimental associa-
tions. This seems fairly unlikely to be the case. We attempted to minimize any
large prior learning component by using arbitrary surname-number pairs. But it
is still possible that idiosyncratic factors might have made I ist I learning easier
for some subjects. Then this accidental advantage could have been responsible
for these subjects' enhanced recall and relearning on that same fist.6 Even if pre-
experimental associations per se seem implausible as a grounds for explaining
our results, one might still argue that some kind of idiosyncratic advantage,
whether due to item or. more generally, method factors (e.g., the type of test. the
use of name-number pairs) could have played a role.

The purpose of the second analysis was to address this ambiguity in our
findings. We repeated the main analysis (Model I vs. Model 2 test), only this
time, rather than taking trials-to-criterion on the list used in the retention test as
the learning speed measure, we estimated learning speed with different items.
administered in a variety of formats-free recall, cued recall, and recognition.
What is common over the three tests used is that they all reflect the integrity of
the associative learning mechanism. Thus the second analysis addressed the
question of whether those who in general learn fastest retained more.

Table 2 displays descriptive statistics for the three associative learning mea-
sures used in this analysis (as well as the other cognitive measures used in
Analysis 3), separately for subjects administered the two task orders. There is
some evidence for a general fatigue effect (all cognitive tasks were administered
after the three-list learning task), but the only case in which the effect appear4 to
have substantially affected scores was on the Free Recall task. An analy;is of the
Free Recall protocols revealed a number of intrusion errors for those subjects
who had taken the Memory for Classes test prior to this one (i.e., Order I
subjects). To adjust for this order effect, because the standard deviations for the
two groups were approximately the same. we simply added the Order 2-Order I
difference (= 4.77) to the Free Recall scores of the Order I subjects.

Table 3 presents distribution statistics for these same tasks collapsing over

fiThis possibility was pointed out to us by Norman Slamecka, who reviewed a previous draft of
this report.
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TABLE 2
Order Effects on Cognitive Tasks

Order I Order 2 Difference

Test N M SD N M SD M F

MS: Memory-Digit Order 412 .706 .086 183 .686 .085 .020 6 90
MA: Paired Associates 412 .657 .144 197 .656 1156 .001 0()
R: Number Sets 407 613 .213 204 .650 .199 - 037 4.20
MS: Digit Span 406 .754 .091 206 .745 .110 (09 I 21
MA: Memory for Classes 403 .552 113 211 540 118 .012 1,50
R: Letter Series 401 .626 171 214 .667 .155 -.. 041 8.71
MS: Missing Digits 394 .626 162 215 .658 .132 -. 032 629
MA: Free Recall 342 11.0i 7 23 207 15.86 7.44 477 54.97*
R: 3-term Series 334 .847 150 215 818 137 (29 5.11

Notes. Subjects were administered cognitive tasks in one of two orders: Order I is as listed
(Memory for Order . 3-term Series). Order 2 is its reverse (3-teim Series . . Memory for Order)
Discrepencies in N per order are due to chance Discrepencies in N within order are due to session
time limits. MS = Memory Span: MA - Associative Memory: R - Reasoning.

p <..1. adjusting for 9 compansons.

order. For three of the tasks (Free Recall, Digit Span, and Three-term Series).
distributions of transformed scores were more normal than those of the raw
scores; transformed scores were used in all subsequent analyses. Note that for all
tasks. N < 685; this is due to some subjects not being able to complete all tasks
in the session time. For the present analysis, only the data from the N = 530 who
completed all three associative memory tasks as well as the criterion task were
analyzed.'

The model for retention was identical to Model I, except that scores on the
three associative learning measures were substituted for scores on the "7C,
measure (thus, the model consisted of k - I = I I design variables and 3 learning
speed variables). For the retention measure (NC,. SS,, = 5500.5, SS,.,,, =

2807.2, 'SS ... = 209.4. F3.515) = 12.80. p = .0000. For the relearning
measure (TTC,). SS,,,, = 31.28. SS,,,, = 18.95. ISSC.. = 1.89. F3.515) =
17.10, p = .0000. Thus we can reject the idea that our finding of a relationship
between learning speed and retention was due to idiosyncratic factors associated
with the acquisition of the list on which retention scores were computed. Learn-
ing speed measured on one set of items predicted retention on a different set.'

7Note that this exclusion works against us in establishing any relationship between the learning
..need and retentton measures in that we are restricting the range of individual differences on
(presumably, both measures by eliminating slow subjects, that is. those who did not work fast enough
to finish all the tasks in the session time.

"With Model 6 as the full model, however, the associative memory variables did not add to the
prediction. F12.5131 = 2.13. p = .0955. forTC,. andF 12.5131 = 1.22.p = .3(X)8. for NC, Ths
is due to the high correlation between the associative memory measures and the retroactive inter-
ference variables. An argument can be made that this is not a fair test of the hypothesis of the learning
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TABLE 3
Descriptive Statistics for Cognitive Tasks

A M SD) Skewness Kurtosis

Associative Memory Tests (MAI
Metnor for Classes (MC 614 .549 .115 14 II
Paired Associates (PAi 6i9 657 148 34 15
Free Recall iFR 549 5.( 7.3 72' 25

tsquare root IFR I1I 21 36

Memory Span Tests INIS)
Memors- )igit Order IM( 55 699 (156 06 4L)

Digit Span I)S) (,12 751 198 -47. 2 591
log [errors - I1l 36 1.)

Missing )igits IMD) 69 4 68 15.1 11 15

Reasoning Tests tR
Number Sets INSi 611 625 209 48- 66
Letter Series I I S 615 "0 167 11) I
3-temi Sene, IOTi 549 36 145 I 21 I 21t

Ilog [errors - Ii I 1014 5103 91) W

General Knowledge rests (GK)

AS VAB Word K noledge (WKI S72 2; 967 4 349 611 211
ASVAB Paragraph Comprehension IP(' 572 12 39)7 1 -79) '41 (A)t,

ASVAB General Science (iGSi 72 IS I 57  3 555 2108 5

Criterion Task
NC I2 h, '~ ; ~ p5 i

T r ,27 XII 11t 11 ; ix,

N', (residuali/cedi 62' IN I -HI 19 ISl

Tr(, tresduali/ed) 627 IxN 151 "SS I 2;

Notc, Scores arc proporthon corrct e\ccpt Free Rectil I nUlItX'r re: -.1 lhd . \S% \ ris -1.rcs.
and (he criterion task scores% rranstorned :ores for Iree Recall, lli Spa1. kild I'hrcc -teri S,-i
%ere used in the ana[lssis. but scores fron the latter to tests serc retllected firs

*Skcwnc .S' or kuri is Sc 4 .St I %k"ns ness I lt.Se kurtoit 211. for aiple of t Its
stlc

Analysis 3: Learning Effects or General Cognitive Proficiency?
The purpose of the third set of analyses was to explore further the causes of the
apparent relationship between learning speed and retention. We were interested
in two re'ted questions. First, does the relationship between learning speed and
retention reflect the importance of learning speed per se. or is the relationship
due to some third mediating variable. In particular. are other. more general

speed- retention relationship. Leaming speed measured bs the general assitocatte learning test, 11SI
predicts the amount ot retroactive interference iR]i) experienced I - 235 .and this portion it the
learning speed vanables is partialled ou o the prediction of retetitn Still. this result cutnOplct'aes

our interprelation
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F1G. 2. Path diagrams of the structural equation portion of six latent %ariable path models, EQS-I
and EQS-2 model% differ in whether LS, mediates the relationship between the cognitive actors and
the criterion task scores: the a. b, and c model variants differ in whether retention iN(' , is deter-
mined h. item-specifiL learning speed. the general cognitive factors, or both.

cognitive variables, such as general knowledge, memory span. or general rea-
soning proficiency responsible for the learning speed-retention relationship,
which then arises only because both learning speed and retention are correlated
with the more general cognitive variables? A second question, especially impor-
tant if the answer to the first question is negative (which %kould enhance learning
speed's role as an explanatory construct), is, what are the cognitive psychologi-
cal determinants of learning speed'? Is associative learning proficiency a unique
factor (i.e., an independent skill), or is it related to memory capacity, general
reasoning skill, or the breadth of factual knowledge available to an individual.

The interconnectedness of these questions indicates a path analytic approach,
which we adopted by specifying various models and testing those models against
the data using the linear structural equation modeling method. Figure 2 illustrates
the structural equation portions of the models we tested, in the form of standard
path diagrams. Rectangles represent observed variables, circles represent latent
factors. In all models, the goal was to predict the observed retention score,
NC,. ' (We did not model TTC3 since it reflects both learning speed per se. and
retention.) The factors in the models were initial item-specific learning speed

'However. to simplify the analysis we first extracted the treatment effects (i.e., List I and t.ist 2

cntenoni The retention scores in this analysis are unstandardized residuals.
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(LS,). indicated by NC, and TTC1 , and general learning speed (LS.), memory
span (MS). reasoning (R), and general knowledge (GK). each of which was
indicated by scores from the associated tests listed in Table 3.

Two classes of models (EQS-I and EQS-2) and three variants in each class (a.
b, and c are shown in Figure 2. In the EQS- I models, the four cognitive factors,
LS,. MS, R, and GK, exert a direct influence on item-specific learning speed
(LS,) and retention. In the EQS-2 models, only LS, exerts a direct influence on
learning speed and retention; the other cognitive factors (MS, R. and GK) affect
learning speed and retention only through the mediating influence of general
learning speed (LSg). The EQS-2 models are thus more parsimonious descrip-
tions of the process by which performance in the specific learning context is
determined by general cognitive skills.

The a-model in each class specifies that retention is due to both item-specific
learning speed and a general cognitive factor (or factors). The b-model imposes
the restriction that there is no link between item-specific learning speed and
retention. Thus a comparison between the a- and b-models addresses the question
of whether a third underlying variable accounts for the rclationship between
initial learning speed and retention.

The c-model imposes an alternative restriction on the a-model: that the gener-
al cognitive factors exert only an indirect rather than a direct influence on
retention. Thus a comparison between the a- and c-models addresses the question
of whether the general factors have any direct influence on retention after the
influence due to item-specific learning speed is accounted for.

We fit these models to the variance-covariance matrix of all cognitive task
scores using Bentler's (1985) EQS compute: program. (The correlation matrix
for these scores is given in the Appendix.)") Note that this covariance matrix
only reflects scores from the N = 437 subjects who completed all tasks, however
(we used list-wise deletion). Table 4 presents the results of the model com-
parisons. Shown are (a) the degreees of freedom for each model (the number of
elements in each covariance matrix minus the number of free parameters spec-
ified by the model); (b) the chi-square goodness-of-fit statistic, which reflects the
difference between the input covariance matrix and the recovered matrix; (c) the
Bentler-Bonett (1980) normed fit index (NF) and non-normed fit index (NNFI),
which compare the goodness-of-fit of the model with the goodness-of-fit for a
null model specifying complete independence among variables (reither index
depends on sample size): and the (d) mean standardized residual and (e) max-
imum standardized residual in the recovered matrix (each variable and factor is
standardized to unit variance, putting residuals in the correlation metric).

Consider first the within-class comparisons. Comparing a- and b-models

'"Raw data and the variance-covariance matrices used in this or any of the analyses are available
from the first author as ASCII files on 5/-in. 360KB or 1.2MB diskettes formatted under MS/PC-
DOS. Hard-copy listings also could be made available.
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TABLE 4
Statistics from EQS Model Comparisons

Standardized
Residuals

Model df X
2 (ML) X

2 (RLS) NFII NNFI M Max

Model 0 (null model) 105 1816505

Model EQS-la 76 158.423 151.106 913 933 1129(1 114
Model EQS-lb 77 171.927 163.280 .9115 924 .1316 .113
Model EQS-Ic 80 165.057 157.744 .919 935 .0304 .115

Model EQS-2a 82 179.271 171.643 .9W11 927 0349 -- 114
Model EQS-2b 83 220.999 209.555 .878 .898 .0394 .286
Model EQS-2c 83 179.589 172.034 .91l .929 .0353 113

Notes. ML - Maximum Likelihood estimates: RLS = Reweighted Least Squares etimates. NFI
Bentler-Bonelt (1980) Normed Fit Index: NNFI = Bentler-Bonett (198(11 Non-Normed Fit Index.

which takes into account degrees of freedom of the model.
'Bentler (1985) suggests that NFI. NNFI > .901 is "desirable "'

shows that the additional I df restriction of the b-model results in a much poorer
fit to the data, in both the Class I and Class 2 cases. This is reflected in a large
increase in X2, a drop in the NFI and NNFI. and an increase in the mean size of
the residuals. And in the Class 2 case, the maximum residual, which happen.; to
be the learning speed-retention correlation, is quite high. On this basis we can
reject the hypothesis that the learning speed-retention relationship is solely due
to a third common factor.

Comparing c- and a-models shows that the additional restrictions of the c-
models do not lead to a greatly decreased fit. In both the Class I and Class 2
cases, at least one of the fit indexes, the NNFI, improves when the restriction is
imposed. Further, the chi-square difference test shows that the decreased fit is
not high compared to the gain in degrees of freedom in either the Class I case,

X2 (4) = 6.634, p > .10, or the Class 2 case x2 (1) = 0.318, p > .10. In the
latter case (Model EQS-Ic), a test of the NC 3-on-LSg regression weight (b =
-. 055; se = .098) also shows it not to be substantially different from zero, =
-0.564, p < .001. On this basis we can reject the hypothesis that general
cognitive factors have an effect on retention beyond that due to item-specific
learning speed. The c-model in each case appears to be the best of the three
descriptions of the learning-retention process.

It is more difficult to select between EQS-Ic and EQS-2c. By the Table 4
criteria, the chi-square difference test, X2 (3) = 14.532. p = .007. and the NNFI
and NFi goodness-of-fit indices, EQS-Ic appears to fit the data slightly bett'r
than EQS-2c. However, an inspection of the loadings in EQS- I c suggests that its
comparably good fit may be due to capitalization on uninterpretable factors in the
data. In particular, EQS-Ic included a strong suppressor effect (,8 - .34) in the
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FIG. 3. Model EQS 2-c with parameter estimates from the standardiced maximum likelihoo
solution.

LS,-on-GK regression, whereas there were no suppressor effects in EQS-2c.
Thus we prefer the EQS-2c model because it fits the data almost as well as
EQS-Ic. and EQS-2c yields the more parsimonious and interpretable solution.

It is useful to inspect the parameter values, presented in Figure 3, to get a
sense for the i,Iative magnitude of the various relationships in EQS-2c. With
respect to the pe-formance on the name-number paired-associates task, the
relationship,; were not large. While 14% of the variance in retention was ex-
plained by item-specific learning speed, the remaining 86% of the variance was
left unexplained. Similarly, while 16% of the variance in item-specific learning
speed was explained by general learning speed, the remaining 84% of the vari-
ance in LS, was due to unique factors. Note also that LS,'s loading on the LSg
factor was slightly lower than was the loadings of the other LSg tests on the LS,
factor. This may at least partly have been due to the fact that our LSg test was the
only one involving numbers (as opposed to more mnemonic associates) as re-
sponses. Note that this worked against us in establishing the link between LSg
and retention on another set of items (Analysis 2), but by the same token the
relative uniqueness of the LS, test permits a stronger generalization on the
relationship between learning speed and retention.
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In contrast to the specific case, general learning speed seems to have been
reasonably well explained (i.e., 62% of its variance) by the other cognitive
factors. This was due mainly to the contribution of General Knowledge, and
somewhat less to Reasoning proficiency. Memory Span did not at all predict
LSg, z = 0.450, p > .30.

Finally, it should be noted that these loadings are probably underestimates
with respect to the subject population in that only those subjects who finished the
entire battery were included in this analysis. Under pairwise deletion of cases,
many of these relationships were somewhat larger.

DISCUSSION

Although past research has concluded that learning speed and retention are
independent factors (Shuell & Keppel, 1970; Underwood, 1954), we have shown
that learning speed predicts retention. In this study. those who learned a set of
items quickly, retained those items better. This relationship held regardless of the
degree of interfering learning experienced between acquisition and retention,
both extra-list interference (A-Br) and within-list interference (RI1 ). This rela-
tionship also was not due to subjects coming to the task with pre-experimental
associations or any other idiosyncratic advantage. When we measured learning
speed on items different in both content and format from those for which reten-
tion scores were computed, we found a substantial relationship between learning
speed and retention. These results ought, at the very least, to be considered as
providing boundary conditions on the assertion that there are no individual dif-
ferences in retention.

Before discussing the reasons for the discrepancy, it is necessary to address
one apparent inconsistency in our results. We argued that the finding, in Analysis
2, that learning speed measured on one set of items predicted retention (NC 3 and
TTC 3) measured on a different set, ruled out the possibility that item-specific
idiosyncratic factors were responsible for both fast learning and high retention.
But in Analysis 3. we showed that general learning speed (i.e., learning speed
measured on the second set of items) did not predict retention after item-specific
learning speed was taken into account. A question is whether this invalidates the
conclusions of Analysis 2. The answer is no, for two reasons. First, Analysis 2
stands on its own merits and provides an unambiguous answer to the question of
whether learning measured on one set of items predicts retention measured on a
different set. Second, the relationship between learning speed measured on List I
and retention of List I includes not only idiosyncratic factors, but also the
general associative learning speed component. This was indicated by the fact that
general learning speed (LS,-) was found to correlate with learning speed on List I
(LSJ. If the LS, score was comprised only of the idiosyncratic component. it
would have been found to be unrelated to LSg. That LS9 did not contribute
uniquely to the prediction of List I retention now can be understood as being due
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to LS, reflecting both the item-specific idiosyncratic factor and the general
learning component.

Returning to the question of why our results seem to be at odds with previous
studies of individual differences in retention, it seems clear that a key difference
lies in the way in which acquisition and retention stages of learning have been
separated. It is probably widely, if not universally, agreed that separating ac-
quisition from retention is an important step in studies investigating factors that
influence retention (Slamecka & McElree, 1983). The quibbling begins over
determining the best way to accomplish this.

The standard approach, at least in the individual-differences-in-retention liter-
ature, has been to equate learners on an immediate retention test, then to examine
differences in performance between the immediate retention test and a delayed
retention test given, say, 24 hours later. Any differences in the delayed retention
test then would be taken as an indication of individual differences in retention. In
successive probability analysis, there is no actual immediate retention test, but
rather a projection or estimate (which has been shown to be fairly accurate;
Underwood, 1964) of an immediate retention test score. In the Shuell-Keppel
(1970) method, there is an immediate retention test. Whether actual or hypo-
thetical, both kinds of studies have shown that the amount of memory loss
suffered from Time 1, a minute or so after study, to Time 2, 24 hr later, is not
significantly greater for slow versus fast learners, and therefore, despite the
prevalence of individual differences in acquisition, forgetting is constant.

It should be acknowledged, however, that there is a certain amount of ar-
bitrariness in disentangling acquision from retention. Slamecka and McElree
(1983) have attempted to sort out some of the confusion by distinguishing relen-
tion, defined by performance on a single memory test, from forgetting, defined
as the difference (i.e., the slope) in performance between two retention tests (to
this point in this paper, we have used these terms interchangeably). In keeping
with this terminology, the slope of interest in previous individual differences
studies is that between retention tests given at Time I and Time 2 (defined
above). But certainly whatever is happening to produce differential retention at
Time I may be considered forgetting with respect to Time 0 (at encoding, where
100% retention may be assumed). Thus the question would be, does early forget-
ting (Time 0 - Time I) predict later forgetting (Time I - Time 2)? If it does, as
our study appears to show, then statistically or experimentally equating subjects
for early forgetting may be seen as the reason individual differences in later
forgetting have not been found.

The safest summary of past research and the current study may be this. If fast
and slow learners are equated by performance on one (e.g., an immediate)
retention test, then there should be no difference in performance between the two
groups on a later retention test. But if learners are equated by the number of
successes experienced with the learning material or, as in this study, by the
number of successive successes experienced. then fast learners will retain more.
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In the end, which of these two equating procedures to use may rest on pragmatic
considerations. But it is also the case that past conclusions drawn from the
literature on the topic, such as the following from Gentile et al. (1982) need to be
tempered:

If a "'slow" learner can be brought to the same standard of performance (learning

criterion) as a "'faster" learner, there is no reason to expect the former to have a
different forgetting curve than the latter. Clearly, further work should be done on
this phenomenon to find the extent to which "'fast" and "slow" learners can be
equated. . . .More immediately, teachers may be happy to know that the time and
effort required to teach "slow" learners to a high standard reaps the benefit of
retention that is at least no worse than that of "faster" learners attaining the same
standard. (p. 137)

This conclusion can now be seen as depending on the equating method used:
What one means by "standard of performance" is a critical determinant of
whether the conclusion holds.

On one point, however, the current study is in agreement with past research.
That is, regardless of whether forgetting is constant or whether it is dependent on
learning speed, we suggest that future research on individual differences in
learning might most fruitfully be focused on determinants of immediate reten-
tion. This is because either there are no individual differences in forgetting, or,
as this study seems to show, what reliable individual differences there are are
accounted for by differences in immediate retention.

In this study, we made a start by showing that general associative learning
proficiency is moderately well predicted by general knowledge and by reasoning
proficiency. Memory span did not affect learning scores. The failure to find a
relationship with memory span is consistent with past research (Underwood,
Boruch, & Malmi, 1978; see also references therein). However, our finding of a
relationship with general knowledge surprisingly has not been duplicated in all
previous work. For example, Underwood et al. (1978), taking learning tasks
such as those used in this study as measures of episodic memory, and vocabulary,
spelling, and the Scholastic Aptitude Test-Verbal test scores as measures of
semantic memory, concluded that their "episodic memory tasks and the semantic
memory tasks represent two different worlds" (p. 409). An inspection of the raw
correlation matrices for the two studies shows that there is not that much dif-
ference in the magnitude of the relationships of individual tests. The main dif-
ference is that by specifying latent variable models, we focused attention on the
relationship between the general knowledge (i.e., semantic memory) and asso-
ciative memory factors, as opposed to the raw test intercorrelations, which are
attenuated by considerable test-specific variability. There are good reasons for
believing that general knowledge should be an important factor in mediating
associative learning success: Continued research in this area should explore this
relationship more thoroughly.

1-
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Finally, it is useful to consider the generality of our findings, as they pertain
to acquisition and retention phenomena. That is, it is important to consider
whether our model is likely to prove applicable to associative learning generally,
or whether it is likely to tell us something only about retention of name-number
pairs administered in the standard paired-associates format.

It is certainly a limitation of our study that we investigated only the retention
of name-number pairs. It is also a limitation that we administered only three
learning tasks as measures of a general associative learning factor (LSg). But
there is at least some evidence that we likely would have found basically the
same relationships had we used different measures of retention and acquisition.
The Underwood et al. (1978) study was probably the most ambitious attempt to
date to study the interrelationships among measures of associative memory. In
that study, although they extracted five factors, the first of these, a paired-
associates task factor, accounted for 58% of the common variance; the first two
of the five factors, the second factor reflecting scores on free recall tasks,
accounted for 73% of the common variance. This would appear to indicate that
associative learning tasks involve at least two relatively independent factors. But
in a follow-up study (Malmi, Underwood, & Carroll, 1979), most of the variance
in a matrix of associative learning tasks was accounted for by a single associative
learning factor: Even when two factors were forced, the two factors corre-
lated .85. In both studies the authors conceded that general individual dif-
ferences in associative learning were dominant, pointing to the theoretical impor-
tance of the mechanism governing the rate at which associations are formed, and
relegating to minor status any other individual differences factor in learning. This
suggests that other learning tasks would not have yielded dramatically different
results from those we reported here.

But perhaps a more severe criticism to our present findings would be that the
learning tasks administered, not just by us, but in the Underwood et al. (1978)
study. and even in the other studies of individual differences in retention, are
inherently artificial laboratory exercises. A detailed counter to this criticism is
certainly beyond the scope of this paper, but there are some points worth consid-
ering. First, our finding of a fairly strong relationship between a general knowl-
edge factor, measured by performance on tests administered outside our labora-
tory (at recruitment test centers), and the associative learning factor provides
some support for the "ecological validity" of the learning measures. Second,
studies that have used more meaningful material, such as poems (Gentile et al.,
1982) and sentences (Slamecka & McElree, 1983), in addition to the more
arbitrary associative material, have drawn identical conclusions regarding the
effects of various factors on retention with the different kinds of material. Thus,
although there is certainly a large idiosyncratic component involved in memoriz-
ing arbitrary relations, there is no compelling evidence that learning other kinds
of materials in other contexts involves qualitatively different learning. At most,
one might speculate that the more naturalistic learning context, compared to the
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one we investigated, is more dependent on the pre-experimental store of seman-

tic knowledge a subject brings to the experimental situation.
In any event, learning ability of the kind we investigated here appears to be a

fairly general ability, representing the individual's capacity for accreting and
retaining new knowledge. An important next step in our work is to investigate
more systematically the underlying determinants of the success of this accretive
process. Our analyses of learning determinants in this study was exploratory. We
did find that various measures of cognitive skill were predictive of the process. a
conclusion that is at odds with the view popularized by Woodrow (1946) that
learning ability and intelligence are independent abilities. But our findings are
consistent with some of the more recent analyses of the learning-cognitive
ability relationship (Cronbach & Snow, 1977: Snow et al., 1984).
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